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Introduction
Longidorus are root-ectoparasite nematodes of wild and agricultural plants. They are important to agriculture as direct parasites and also as vectors of plant viruses (Taylor & Brown, 1997) . Though these nematodes are economically important pests, therefore an extensive study of these nematodes is being carried out in the Czech Republic. Previous surveys yielded six known species (Longidorus elongatus, L. euonymus, L. helveticus, L. intermedius, L. leptocephalus, L. poessneckensis) of genus Longidorus in the Czech Republic (Erbenová, 1977 , Kumari & Decreamer 2007 Kumari et al., 2009; Kumari & Subbotin, 2012) . During recent nematological surveys L. caespiticola Hooper, 1961 was found only at one site for the first time in the Czech Republic. L. caespiticola was originally described from Rothamsted, UK (Hooper, 1961) . Later, this species was reported from other European countries Belgium, Bulgaria, France, German, Italy, Russia, Slovakia, Slovenia, Spain, Switzerland, The Netherlands and UK (Sturhan, 1963; Hoof, 1966; Taylor & Brown, 1976; De Waele & Coomans, 1990; Andres et al., 1991; Lišková & Brown, 1998; Širca & Urek, 2009; Peneva et al., 2012) . In recent years it has become a standard to identify species on the basis of morphological and molecular data because combination of morphological and molecular methods is considered as a perspective approach in diagnostics of this nematode group. Therefore in this study L. caespiticola was identified by morphological and morphometrical means. Objectives of this study were to characterize a population of L. caespiticola morphologically from the Czech Republic and to sequence and analyze four markers (18S, ITS1, ITS2 and 28S) of ribosomal DNA and one marker (cytochrome c oxidase subunit1 -cox1) of mitochondrial DNA. This study is one of a series of works on characterization of Longidoridae in the Czech Republic.
Materials and methods
Soil samples were taken at a depth of 0 -40 cm and nematodes were extracted from soil by sieving on 1 mm and 150 µm and placing the residual on 99 µm sieve on a Baermann funnel from 24 -48 hours. Nematodes were heat killed, fixed in TAF, processed by a slow glycerin method and mounted in anhydrous glycerin on slides. Photomicrographs were recorded with a digital camera linked to a computer and measurements were made with the aid of imaging software (Olympus DP-soft). Individual nematodes of L. caespiticola from the Czech Republic and Slovak Republic were stored in 1M NaCl and used to extract DNA. Total genomic DNA was extracted according to a rapid method by Stanton et al. (1998) . Four regions (18S, ITS1, ITS2 and D2/D3 expansion segments of 28S) of ribosomal and one region (cox1) of mitochondrial DNA were amplified and sequenced. All regions and genes were amplified from the total genomic DNA of the same single specimen. Primer sequences and references to the primers are given in Table 1 He et al. (2005a) : 95 ºC for 10 min, 5 cycles at 94 ºC for 30 s, 45 ºC for 40 s, and 72 ºC for 1 min, and further 35 cycles at 94 ºC for 30 s, 37 ºC for 30 s, and 72 ºC for 1 min, followed by an extension at 72 ºC for 10 min. All PCR reactions were performed in a DNA Engine PTC-1148 thermal cycler (Bio-Rad). Aliquots of PCR were analysed by gel electrophoresis and the remaining products were purified using High Pure Product Purification kit (Roche Diagnostics GmbH, Mannheim, Germany) and sequenced in both directions using each primer pair one forward and one reverse (Macrogen, Netherlands). SequencherTM 4.8 (Genes codes. Corp., Ann Arbor, MI, USA) was used to assemble and view each sequence and check for base-calling errors. Sequences were deposited in Genbank and their accession numbers are given in Table 2 . Nucleotide variation and A+T content was calculated by MEGA 5 (Tamura et al., 2011) .
Results
L. caespiticola was found for the first time from the rhizosphere of apple with two other Longidorus sp. at Žlunice, Czech Republic. Morphometrics of males and females are given in Table 3 and photomicrographs are presented in Fig.1 (Fig. 2) . The sequences of cox1 were aligned unambiguously without gap. Czech populations differ from Slovakian population by 3.14 % (total sites 319). Within the 319 bp alignment (except primer sequences) there were 10 variable sites (9 transitions and 1 transversion), eight of which occurred at third codon position sites and two at first codon position. The 10 variable nucleotide sites among cox1 sequence variants represented transitions C↔T (n=7) and A↔G (n=2); and transversion G↔C (n=1) (Fig. 2) . Whilst most (n=9) nucleotide changes were silent, the transition at position 138 (G↔A) resulted in a change in the cox1 amino acid sequence for a valine to an isoleucine. The A+T content was 51.8 % at the first codon, 59.2 % at second codon and 53.9 % at the third codon. 
Discussion
Morphometrics of the Czech populations (female) compared with the type (Hooper, 1961) , Belgian (Sturhan, 1963) and Slovenian (Širca & Urek, 2009) In recent years it has become a standard to identify species on the basis of morphological and molecular data with more emphasis on molecular work (Coomans et al., 2012) . Therefore in this work five markers of ribosomal and mitochondrial DNA have been analyzed and compared. Analysis of partial 18S gene, ITS2 and D2/D3 of Czech and Slovakian populations did not reveal any variation, whereas ITS1 showed nucleotide changes at two sites. It has been known that mitochondrial DNA evolves faster than ribosomal DNA and has more discriminate power in the separation of closely related species (Morgan & Blair 1998) . Partial cox1 gene of mitochondrial DNA assessed 3.14 % (10 bp) nucleotide variability among two populations of L. caespiticola. Sequences obtained in this study were compared with the sequences of L. caespiticola already deposited in Genbank.
There are 6 sequences (accession numbers KF242344, HM447030, AY601567, AF480081, AF480080, AF480079) of D2/D3 and one sequence (accession number KF242280) of 18S gene are available in Genbank (Rubtsova et al., 2001; He et al., 2005b; Širca & Urek, 2009; Subbotin et al., 2014) . Sequences of D2/D3 region is 100 % (identities 774/774 nucleotides) identical to accession number AF480081 (Country: Belgium, Vliermaal) and differs by 5 -20 nucleotides (0.68 to 2.04 %) from the other five published sequences. The sequences of 18S are 100 % identical to KF242280 (identities 850/850 nucleotides). Subbotin et al. (2014) on the basis of restriction enzyme profile of D2/D3 expansion segment of 28S gene and in silico analysis predicted three profiles for L. caespiticola: type A (Slovenian population), type B (Russian population) and type C (UK, German and Brussegem, Belgian populations). They hypothesized that L. caespiticola might represent a species complex but further studies of the morphological characters in these three groups will be needed to confirm this hypothesis. Hundred percent identity of D2/D3 sequence with a sequence (accession number AF480081) from Vliermaal, Belgium indicated that Czech and Slovakian populations of L. caespiticola belong to type A. 
